Abstract: The quality of decision making in product development (PD) is dependent upon the designer's ability to optimize conflicting needs. However, optimization is unlikely to succeed when based on inaccurate or erroneous information. Given that provision of accurate information frequently lies beyond the designer, decision making is dependent upon effective optimization and a timely flow of accurate information. The present paper explores informal organizational approaches to improving information flow for decision making. It presents an empirical study of relationships in two UK engineering companies and finds significant correlation between the effectiveness of these relationships and the trust, respect, and loyalty that they exhibit during PD. It further identifies the impact of relationship longevity, commonalty in background, and the wider social context of relationships. It concludes by examining the potential extendibility of the findings and the potential for further research to identify interventions that can assist management to enhance the relationships of product developers.
INTRODUCTION
Product design and product development (PD) can be viewed as decision-making processes [1] . At the start of the development process no aspect of the product is defined, the overall concept for the design being reached by a series of decision-making activities. Further decisions enable the detailed design to be completed and the information required for manufacturing, assembling, and testing the final product to be generated. At the end of the development process, all of the information required to create the product in question will have been brought into existence by a series of decisionmaking processes undertaken by the product designers and developers. These decisions will have ranged in significance from fundamental product attributes to comparatively minor decisions [2] .
Pugh [3] identifies over thirty, potentially conflicting, characteristics and attributes that a product will need to satisfy. The quality of decision making will depend on how good the designer is at reconciling and optimizing in a situation of conflicting needs. While sophisticated approaches to optimization are within the reach of industrial applications through a combination of new optimization methods, these will not succeed if they are based on inaccurate or erroneous information. Provision of this information is often beyond that of the designer, with the result of frequently being forced to make decisions on the development of the product that lie beyond immediate personal expertize. Eppinger and Salimen have stated that design is a social process [1] . The implications are that decision making in PD is not only dependent upon effective optimization, but also on a timely flow of accurate information from many people. This paper explores the social processes that underlie the effectiveness of communication flow within the context of the PD process.
RESEARCH CONTEXT
A significant and lengthy antecedent for information being used to improve decision-making performance exists in fields as diverse as marketing [4] and production control [5] , and one of the prime functions of information technologies is in supporting decision making at all levels of the organization [6] . Snowden [7] characterized the first wave of knowledge management as having a focus on timely information provision, while Eppinger [8] has stated that 'the exchange of information is the lifeblood of product development'.
The use of formal organizational structures to influence flow of information has a similarly lengthy antecedent, to the extent of regarding organizations as information-processing structures [9] [10] [11] . This is also true for PD [12] . The need to improve information flow implicitly underlies one of the most widespread organizational mechanisms used to improve PD: cross-functional teams (CFTs). Formally recognized units in the organizational structure, CFTs bring people from various disciplines into one organizational entity, and form one of the key manifestations of concurrent engineering [13] . McDonagh [14] highlights their widespread prevalence in an overview on the considerable body of literature investigating their operation. CFTs enhance information flow by removing formal organizational and spatial boundaries between people.
While CFTs have been associated with significant improvements in PD performance, the need for further research into the operationalization of CFTs has been identified (e.g. [15] ). Issues relating to total system performance have been reported (e.g. [16] [17]) that focus on aspects of organizational learning and the remaining PD activities that are difficult to disperse into teams: PD's 'functional rump'. Furthermore, Henderson [18] has suggested that formal organization structure is not the prime determinant of PD success. Instead she identified that companies that developed mechanisms for overcoming formal organizational boundaries were more effective at developing products. This suggests that another aspect of organizational structure may be a significant factor in the successful transfer of information in PD.
Unlike formal organizational interventions, the impact of the informal organization on information flow during PD has not been similarly investigated. The answer to this conundrum raised by Henderson's research may lie in the interrelationships that underlie the social capital held within an organization. Thus, attempts to improve PD performance must not be confined to formal, structural aspects of organization. This research postulates that improving the social capital within the PD organization will enable more effective decision making through improved flows of information.
Social capital and its role in information exchange
Social capital is a concept of increasing importance in understanding the antecedents of organizational performance. Nahapiet and Ghoshal construe social capital as 'the sum of actual and potential resources embedded within, available through and derived from the network of relationships possessed by a social unit' [19] . Cohen and Prusak have defined social capital as consisting of 'The stock of active connections among people: the trust, mutual understanding and shared values and behaviours that bind the members of human networks and communities and make co-operative action possible' [20] . Both definitions highlight that the building block of social capital lies in the dyadic relationship between two individuals. Thus, any attempt to improve social capital must start at this level.
Interrelationships have been identified as key in enhancing or constraining access to valued resources such as information [21] [22] . Hence, such relationships may have an important role to play in facilitating the flow of information and hence the decision-making process during PD. It is important that the individual-to-individual nature of these relationships is recognized. Bouty [23] , for example, highlights the key role that relationships have in the flow of technologies across organizations and emphasizes the role of 'heart partners', where the levels of trust are so deep in a relationship that information is exchanged regardless of each other's professional affiliations. However, it should be noted that relationships that are high in trust are not always beneficial. While Florida [24] highlights the potentially stifling effect of social capital, Hansen [25] shows that weak ties are better than strong ones for gathering information. Overembeddedness within a team may also occur and reduce the flow of new ideas to PD [26] . Nevertheless, Athaide and Stump [27] have created a taxonomy of relationships with respect to information flow during the PD process. A longitudinal investigation into PD in the UK automotive industry has also been undertaken using thematic analysis of interviews with a cross-section of people involved in the PD process [28] [29] [30] . The research findings showed that: (a) personal relationships were identified as very important for successful PD; (b) these relationships had longevity and lasted over many project cycles and changes in the formal organizational structure; (c) antecedents for effective relationships were identified that included trust, respect, loyalty, common background and experience, and shared social contexts.
The determinants of effective relationships in PD
Previous work outlined in the current paper has shown that effective relationships in PD are founded upon trust, respect, and loyalty. The importance of trust in effective relationships has also been highlighted [23] , [27] [28] [29] [30] . Trust is a concept that has received much attention in the management literature exemplified by the work of Meyerson et al.
[31], Hardt and Brynteson [32] , and Jarvenpaa et al. and Jarvenpaa and Staples [33, 34] . The type of trust that is being described in these investigations is 'prediction based', defined as the extent to which the person who trusts can predict that the person trusted will act in good faith [35] . Thus, the first hypothesis of the research is that effective relationships between product developers positively correlate with the levels of trust between the developers (H1), where 'effective' is defined as:
(a) having a definite or desired effect; (b) efficient, where -in turn -'efficient' is defined as (i) productive with minimum waste or effort and (ii) (of a person) capable, acting effectively [36] .
The importance of loyalty and respect as concepts highlighted by the UK automobile manufacturer study are not as well developed in the literature as trust. Loyalty is a concept more often associated with loyalty to a particular organization or to a particular brand [37] [38], with customer loyalty and its promulgation a key concept in marketing terms. Loyalty as a concept also comes into play in analysing employees' attitudes to their employing organization: organizational loyalty. Loyalty between individuals, the concept of personal loyalty, has not been widely explored, although its close associate, 'cronyism', has been investigated [39] . Therefore, it is also hypothesized that effective relationships between product developers positively correlate with the levels of loyalty in the relationships (H2).
Respect is a conceptual term that, as with loyalty, has not undergone the same degree of exploration as trust, although its importance in effective operations has begun to be considered, particularly in the context of 'turnarounds' [39] . Thus, the third hypothesis is that effective relationships between product developers positively correlate with the levels of respect in the relationships (H3).
In determining the antecedents of trust, loyalty, and respect, extant research has emphasized the importance of the relationship longevity in building its success [22] , [23] , [28] [29] [30] . Thus, this research also hypothesizes that longevity of relationships between developers positively correlates with relationship effectiveness (H4). Further, the importance of a similar professional background and of a wider social context for the relationship have also been highlighted [23] , [28] [29] [30] . Therefore, the penultimate hypothesis is that a shared common background between developers positively correlates with relationship effectiveness (H5), and the final hypothesis is that the relationships between developers in a wider social context positively correlate with relationship effectiveness (H6).
RESEARCH METHOD
The aim of the present investigation is to study the antecedents of effective relationships during PD using the research context delineated in the section above.
The sample population
The sample population comprised 76 different individuals involved in product development projects in two UK engineering organizations. The impact of macro-level characteristics of the specific industry upon the characteristics of the teams in which these individuals are employed requires that they are able to assimilate and incorporate a wide variety of information that resides with people outside of their work-unit. The providers of such information are not only proximate to their own physical location, but often exist across geographical and organizational boundaries. The teams frequently need to surmount the inherent communication barriers caused by the global dispersal of their own members, while simultaneously existing in the complex hierarchy of teams that comprise the total product development activity for a new product. In this situation, developing relationships that enable a good flow of information is crucial to the success of the team(s). Table 1 provides a breakdown of the sample population by team within organization.
The sample comprised a different population group than the automotive sector investigation referred to previously and the backgrounds of the individuals were in design engineering, manufactur-ing engineering, or in technical purchasing. Their roles within the organizations focused solely on new product development, i.e. they were not involved in operational support to on-going production. Respondents were selected first by identifying projects within the organization that were typical of its activity in terms of lead time, complexity, customer, and then by identifying individuals working on those projects to act as the sample population.
Data collection process
The type of data required was of a highly sensitive nature, with individuals being asked about very personal aspects of their relationships with colleagues: trust in/respect for each other, for example. Accordingly a data collection process that emphasized confidentiality was adopted. This also meant that the sample companies needed to have a culture of openness and approachability and supported an environment that would provide researchers with access to sensitive information. The process began with a formal presentation to the investigation subjects that emphasized the confidentiality of their individual responses and the separate affiliation from any other management agenda. It was also important to ensure that the subjects shared a common understanding with the research team of the terms used in the data collection process. For example, 'trust' was defined here as the extent to which the subject can predict that his/her contact will act in good faith, and effectiveness as the success of that interaction in transferring the required information and resources. This was achieved by explanation of the instruments to be used, how these should be completed, and the process for operationalizing the variables (see Table 2 ). Each participant was provided with a written questionnaire on which to record their data and was asked to return the questionnaire directly to the research investigators. In order to confirm that responses were not skewed, the distribution of responses against each variable was also examined.
The questionnaire used relationships with individuals during the PD process as its unit of analysis. Subjects were asked to identify individuals with whom they interacted during PD and to rate each relationship in terms of its effectiveness, trust, respect, and loyalty. The subject was also asked to provide details of the relationship's age, the degree to which that person had a similar background, and whether the relationship had a context outside the work environment. Using this procedure, data were collected on over 1000 relationships.
Operationalizing the variables
The approach adopted to operationalize the variables emulated that of similar projects by allowing individual interpretation of rating value within given guidelines [40] . Table 2 shows how ratings on the variables were elicited by the questionnaire.
Operationalizing the variables in a study such as this could arguably have been achieved by utilizing multiple-item rather than single-item constructs. This is the logic of 'domain sampling' [41] , the implications of which are that measures with more items are more reliable [42] . Researchers use responses to a series of related questions to form a single measure of trust, for instance, rather than asking an actor directly how much he or she trusts the other actor in the relationship. However, in In terms of achieving results, which of the following best describes the effectiveness of your relationship? pilot investigations researchers had identified a sub sample of participants and compared the correlation between responses with a single-item and multipleitem approach to rating variables [43] . The singleitem measurement correlated significantly with the multiple-item measurement, which gave the researchers the confidence to operationalize the variables under scrutiny in this investigation with single rather than multiple constructs. Researchers also asked participants to self-rate the properties of their relationships. Although self-rating would not usually be utilized without some 'objective' confirmatory rating, it was necessary to rely on self-rating alone in this context as the effectiveness of a relationship, for example, is a subjective concept and is rooted in the self-perception of the informant. This can be illustrated by way of a dyadic relationship comprising persons 'X' and 'Y'. It is perfectly possible for 'X' to see the relationship as very effective while 'Y' perceives the relationship with 'X' to be far from effective. Such differences in perception can provide a valuable insight to the individual, team, or organization performance overall. To this end, self-rating of some variables is necessary, which is reflected by other similar investigations of social concepts that have resorted to self-rating measurements (see reference [41] ).
Data analysis methods
In order to check that responses were neither skewed nor demonstrated a restricted variance, frequency histograms were plotted for each of the variables that demonstrated a sufficiently large variance to indicate that investigation subjects were showing a range of responses and therefore were likely not to be self-censoring. The data collected were ordinal in nature and were assumed to be non-parametric in their distribution. Spearman's co-efficient of correlation [44] is a suitable test for correlation between variables of this type. The significance and magnitude of correlation was also tested. Figure 1 shows the respective distribution of responses for the variables effectiveness and trust. 
RESULTS AND ANALYSIS

Fig. 2 Distribution of responses: respect and loyalty
Improving product development decision making Figure 2 shows the respective distribution of responses for the variables respect and loyalty. Figures 1 and 2 demonstrate sufficiently large variance to indicate that investigation subjects were showing a range of responses and therefore were likely not to be self-censoring. Table 3 shows the results of the Spearman coefficient of correlation between trust, respect, loyalty, and effectiveness and identifies those that achieved significance at the 0.01 level. This analysis shows a strong, statistically significant correlation between effectiveness and trust, effectiveness and respect, and effectiveness and loyalty in this population sample. This evidence supports hypotheses H1, H2, and H3. The analysis shows that the strongest and equal strength of correlation is found between trust and loyalty and between respect and loyalty. Table 4 shows the relationship between effectiveness and social context, effectiveness and commonalty, and effectiveness and longevity.
Support for hypotheses
The analysis shows a positive correlation between effectiveness and social context, effectiveness and commonalty, and effectiveness and longevity in this population sample. This evidence supports hypotheses H4, H5, and H6. Given the high degree of correlation between trust and effectiveness, it was not surprising to note that trust also significantly correlates with social context, commonalty, and longevity. While it would be useful to show whether the correlations differed by informant age, background, tenure, or professional level, for example, this type of data has not been collected routinely from the population sample thus far and is therefore not yet available for analysis.
DISCUSSION AND CONCLUSIONS
The analysis of the results of the investigation clearly supports the hypotheses formulated at the outset of the investigation. For the population sample, this means that effective relationships within PD are strongly and significantly correlated with trust, respect, and loyalty. Associating effectiveness with trust has some research provenance and has been further supported by this research. However, the identification of loyalty and respect being as important as trust in relationship effectiveness is a new contribution that may be worthy of further investigation. Nonetheless, it is important to recognize that correlation does not imply causation and the actuality may lie in a circle of ongoing reinforcement between these and other factors: factors related to background, tenure or professional level, for example, that have not been investigated routinely alongside the main factors of this research. Thus, whether trust, respect, and loyalty are antecedents of an effective relationship or whether the opposite is true is difficult to establish.
The question must also be addressed as to how far the findings of the empirical investigation can be extended from this sample to PD activity in other contexts. As was alluded to above, the current investigation was carried out in two organizations that exhibit and maintain an open and approachable culture. The same access to subjects over such sensitive issues would not be forthcoming in every environment. Furthermore, the correlation between relationship effectiveness and the other identified network properties may not be the same in more closed environments. A second point to note is that the PD tasks in question were technically challenging and complex activities. Where tasks are not so complex, the need for a product developer to have effective relationships with other product developers may be less, and the importance of improving information flow and thus decision making may also be less.
The empirical research work presented in the present paper suggests that improved decision making during PD may be significantly served by improving levels of personal integrity in product developers. Previous work has indicated that organizational solution to improving information flow, and hence decision making, during PD should not be confined to alterations to formal structural units. Attempts to improve this must also take into account the importance of the network of relationships that create the social capital of the PD activity. This investigation has highlighted that improving social capital in PD, and making relationships between individuals more effective, will be enabled by raising levels of trust, respect, and loyalty. The investigation has also demonstrated significant correlation between effectiveness in a relationship during PD and the relationship's age and the commonalty of background in terms of how product developers define the wider social context of the relationship. This presents something of a conundrum for managers seeking to improve information flow, and hence PD decision making: none of these factors can be considered to lie in the direct control of PD management.
Given the use of single-item self-rating constructs employed by this research, it may also be construed of little surprise that the correlation pattern is demonstrably consistent around the '3's: the 'fairly' effective, 'fairly' trusting, 'fairly' loyal relationships, for example. It is important to recognize, however, that such consistency is a reflection of the aggregated response to the relationship properties being measured. Comparative review of ratings across individuals reveals greater diversity to that of team aggregates. Thus, while the results clearly support the hypotheses formulated at the start of the investigation, the findings also support identification of the following additional issues:
(a) the 'outliers': in particular, those responses at the lower extremes of relationship properties, the negative relationships, that may have a disruptive effect on the overall efficacy of the team's social dynamics; (b) the differences in perception of mutual relationships, where such differences might lead to discontinuities, or could trigger discussion of causal factors that may assist to identify interventions and routes for improvement; (c) potential conflict arising from the above: implicit or explicit conflict.
All of these points highlight the need for further research to identify interventions that can assist management to enhance PD relationships, in a way that is supported by researched practice concerning interventions. The next phase of the research, therefore, will undertake action research to encapsulate current findings in a theoretical framework that could be used to make managerial interventions in social capital and social networks to improve decision-making performance in PD.
